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Background
In an effort to reduce the number of crash-related fatalities and incapacitating injuries, Massachusetts
Department of Transportation has developed a Strategic Highway Safety Plan. The mission of the Safety
Plan is to “Develop, promote, implement, and evaluate data-driven, multidisciplinary strategies to
maximize safety for users of the roadway system.” One of the many strategies noted in the current Safety
Plan is to “conduct Road Safety Audits (RSAs) at high-crash locations throughout the Commonwealth.” A
Road Safety Audit, as defined by the Federal Highway Administration (FHWA) is “a formal safety
performance examination of an existing or future road or intersection by an independent audit team.”
Simply stated, an RSA is a relatively quick process that identifies safety improvements focused on
decreasing the number and severity of roadway crashes. The safety improvements recommended
typically vary from low cost measures to significant improvement projects.
This RSA evaluates the intersection of Gorham Street with the Lowell Connector, as well as a short
segment of Gorham Street extending north of the intersection to Elm Street and south to Gallagher Square
(Central Street) in Lowell, Massachusetts. The intersection of Gorham Street and the Connector is
scheduled to be improved in 2018.
MassDOT’s Highway Safety Improvement Program (HSIP) has identified an HSIP-eligible “cluster” of
crashes on Gorham Street at both the Lowell Connector intersection and the Elm Street /Highland Street
intersection, based on crash data from 2011-2013.
Project Data
An RSA was completed for Gorham Street on Tuesday, June 28, 2016 at the E. N. Rogers School on 43
Highland Street in Lowell, Massachusetts.
The agenda for this RSA meeting is provided in Appendix A of this report.  As shown below in Table 1, the
audit team was multidisciplinary with representatives from state, regional and local agencies providing
expertise in the engineering, planning, and maintenance fields.  Contact information for the RSA attendees
is provided in Appendix B of this report.
Background material was provided within the email invitation sent on June 13, 2016, and supplemented
with additional data via e-mail on June 22 to each participant in the RSA. This information included
collision diagrams, crash data summaries, volumes and speeds for the study area. During the RSA
meeting, these materials were reviewed as a group prior to the field visit to the intersections. During the
RSA field visit, various safety issues were observed and identified. Following the RSA field visit, the team
returned to discuss additional concerns and potential solutions for the existing safety issues.
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Table 1: Participating Audit Team Members
 
Audit Team Member Agency/Affiliation
Carrie Lavallee MassDOT Project Manager
John Gregg MassDOT District Traffic Engineer
Tim Roberts MassDOT District Traffic Engineer
Lisa Schletzbaum MassDOT Safety Management Unit
Adam Prichard MassDOT
Brendan Mullan MassDOT
Lisa DeMeo Lowell City Engineer (DPW)
Mark Buckley Lowell Police Department
Phillip Charron Lowell Fire Department
Nicolás H. Bosonetto Lowell Transportation Engineer (Planning Dept.)
Sidney Liang Lowell Bicycle & Pedestrian Coordinator
Tim Connors Mass State Police - Station A-1, Andover
Justin Howard Northern Middlesex COG
David Freeman Project Manager – CDR Maguire
Jim Coogan Traffic Engineer – CDR Maguire
Project Location and Description
The study area includes a segment of Gorham Street and two signalized intersections:  Gorham Street at
the Lowell Connector; and Gorham Street at Highland/Elm Streets.  It also includes unsignalized 
intersections at Gorham Street’s intersections with South Highland Street, Keene Street, Walnut Street,
South Street, and Auburn Street.  The unsignalized intersection of South Street with Highland Street is
included because of its proximity to and influence upon the Gorham/Elm/Highland Street signalized
intersection.
The Lowell Connector is a 6-lane divided freeway that provides access to Rte. 3 and I-495 and terminates
abruptly as a 4-lane highway at Gorham Street.  Gorham Street is a 32-35 foot wide urban city street that
provides access into Downtown Lowell.  The neighborhood within and adjacent to the project limits is a
densely developed residential area made up of single-family and multi-family units.  There is some
commercial activity along Gorham Street (bank, gas/convenience store/ lounge).  There is a courthouse
and middle school just beyond the project limits.
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The study has been divided into four distinct sections:
1. Road Segment
Gorham Street, south of Lowell Connector
This segment of Gorham Street extends from its signalized intersection with Central Street (not part 
of this study) to the signalized intersection at the Lowell Connector, a distance of only about 500 feet.
The road has one northbound and one southbound travel lane, with a parking lane on the west side, 
and signed time-limit parking along storefronts on the east side.
This road is classified as an Urban Principal Arterial by MassDOT’s Office of Transportation Planning,
and is under the jurisdiction of the City of Lowell.
There were only 2 crashes attributed to this short segment of road, indicative of the absence of 
intersecting streets or significant traffic generators, as well as reflecting traffic volumes that are far 
lower than the segment of Gorham Street to the north.  The two crash events yield a crash rate of 
3.70 crashes per million vehicle miles, essentially matching the District Four average of 3.49 
acc/mvm. Due to the obviously low actual crash tally, the specific crash data at this location should 
not be considered statistically significant.
2. Road Segment
Gorham Street, north of Lowell Connector
This segment of Gorham Street extends from its signalized intersection with the Lowell Connector 
to its signalized intersection with Highland and Elm Streets, a distance of over 600 feet.  The road 
has one northbound and one southbound travel lane, and parking is generally prohibited 
throughout.  It intersects five sidestreets over this relatively short distance.
This road is classified as an Urban Principal Arterial by MassDOT’s Office of Transportation Planning,
and is under the jurisdiction of the City of Lowell.
Because this short segment is defined by two high-volume signalized intersections, the entire segment 
is influenced by the operation of the two traffic signals.
The 18 crashes on this short segment of road yield a crash rate of about 7.02 crashes per million 
vehicle-miles (acc/mvm), more than double the 3.49 average for MassDOT District 4. The high
proportion of rear-end crashes is probably a product of two site features:
• A fairly high number of turning movements causing abrupt braking, due to commercial land
use (such as Enterprise Bank’s driveway) and four intersecting streets (So. Highland Street 
crash experience was included in Site 3 below).
• While signal-related rearend crashes were assigned to Sites 1 and 3 (signalized
intersections), to the extent discernible in the crash reports, some of the remaining
rearend crashes may well have been influenced by signal queuing. 
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3. Signalized Intersection
Gorham Street at Lowell Connector
This intersection is essentially a three-legged intersection with two Gorham Street approaches 
and one Lowell Connector approach.  Actually, the residential driveway opposite the Lowell 
Connector terminus has two signal faces, but this is obviously not a significant operational feature.
The signal operates in two phases, alternately assigning right-of-way to the Lowell Connector and to 
Gorham Street. Pedestrian accommodations are limited to the east side, with no west side sidewalks 
and no crosswalks within the intersection.
Although there are two Gorham Street approaches, the predominant movements are between 
the north (Gorham Street) leg and the west (Lowell Connector) leg.
The 26 crashes at this signalized intersection yield a crash rate of about 1.26 crashes per million 
entering vehicles (acc/mev), well above the 0.73 average for signalized intersections in MassDOT 
District 4. The high proportion of angle crashes and sideswipe-same direction crashes is primarily 
driven by the geometry of the intersection for the Lowell Connector approach, where dual left-turn 
lanes feed into a single northbound receiving lane on Gorham Street. Although not as voluminous 
as some other type crashes, there is a long history of vehicle crashes into the property walls on the 
east side of Gorham Street.
This intersection crash tabulation includes South Highland Street, as it clearly shares an influence zone 
with the Lowell Connector. At least one crash in the data set involved a left-turning vehicle at South 
Highland Street.
4. Signalized Intersection
Gorham Street at Elm Street and Highland Street
This signalized intersection is a four-legged intersection, accommodating Elm Street to the east and 
Highland Street to the west.
The Gorham Street northbound and southbound approaches are a single lane in width, approximately 
16 feet including the shoulder. The Elm Street westbound approach has two 11-foot lanes.  The 
Highland Street approach has recently been striped as two 10-foot lanes.
This signal operates with two vehicular phases, alternately assigning right-of-way to both Elm Street
and Highland Street and to Gorham Street,  There are pedestrian detectors (pushbuttons) and 
pedestrian heads serving crosswalks on all four approaches with an exclusive pedestrian phase when 
called.  Field counts reflect a significant pedestrian volume (over 25 per hour during the PM peak) at 
this location, with the accumulated pedestrian calls contributing to vehicular delays.
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Lane use designation is ambiguous for both the eastbound and westbound approaches to this
intersection. Both Highland Street and Elm Street have two-lane approaches without signal “arrow”
designations, implying both approach lanes can serve thru traffic, but both roads have only one
receiving lane. The westbound receiving lane is wide enough (~20 ft.) to create the perception that it
may function as two lanes.
The 29 crashes at this signalized intersection yield a crash rate of about 1.12 crashes per million
entering vehicles (acc/mev), considerably higher than the 0.73 average for signalized intersections
in MassDOT District 4. The high proportion of rear-end crashes is unsurprising for a signalized
intersection.  The equally high proportion of angle crashes is more significant, however. It could be
an indication of east-west lane ambiguity or capacity issues triggering more aggressive behaviors
(e.g., “running the yellow”).  There were 3 reported strikes on the Elm Street median; 2 involving
the traffic signal pole. 
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Audit Observations and Potential Safety
Enhancements
Safety Issue 1:  Pedestrian Accommodations
Projectwide, there is a consistent state of sidewalk facilities in 
disrepair, from concrete spalling and cracking to the presence of trees
and bollards obstructing pedestrian paths. A few isolated sidewalk
areas (for instance, near the E.N. Rogers school) have recently been
resurfaced.
Marked crosswalks were present at some crossings, but missing at
others. There has been a recent effort to install ADA
accommodations at intersections, although the new facilities do not
always comply with current standards.  In many cases the 
sidewalk/pavement interface included an asphalt patch/ramp 
transition. Image 1:Sidewalk in Disrepair
The City recently installed a perpendicular crosswalk across the South Street approach to Gorham Street.  
Because of the severe skew of the intersection, the west end of the crosswalk lies well upstream from the
 
yield-controlled intersection, and crosses through the west 
parking lane of South Street.
Image 2: Disrupted west sidewalk
Image 3: Midblock Crosswalk
The sidewalk on the west side of Gorham Street is disrupted by the
Lowell Connector, a four lane facility terminating at Gorham
Street.  Pedestrians on the west sidewalk approaching this
intersection are obstructed without warning or readily available
alternate route. 
There is a crosswalk crossing Gorham Street just north of South
Highland Street.  This is essentially a mid-block crosswalk, but
there is no signage supporting it.  The Team believed this 
crosswalk may be a connection between a school bus dropoff
point on the east side of Gorham Street and the residential area
west of Gorham Street.
It should be noted that the sole pedestrian crash during the study
period involved a skate-boarder, and likely is unrelated to
these pedestrian deficiencies.
Enhancements
• Consider reconstruction of all sidewalks in order to meet ADA requirements and to provide a
smooth walkable surface throughout.
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• Provide signs to alert motorists of the presence of uncontrolled crosswalks on Gorham Street near 
Keene Street and on South Street near Gorham Street.
• Place “No Parking” signs in vicinity of crosswalk on both sides of South Street to remove the
conflict. This will eliminate the need for pedestrians to enter the street outside the crosswalk,
and will improve pedestrians’ sightlines.
Safety Issue 2: Bicycle Accommodations
There is no designated space for bicycle travel with these road
rights-of-way, although the paved surface could be striped for
limited shoulders.  A single partially obstructed sign near Keene
Street advises northbound traffic that bikes may use the full
lane. Field observations noted little bike traffic and field
counts indicated less than 3 bicycles per hour during peak
hours.  The crash data indicates no bicycle-related crashes
within the project study period in this study area. Nonetheless,
reasonable efforts should be made for a bicycle friendly
facility. Image 4: Bike Signage
Enhancements
• Given the urban residential nature of the area, evaluate restriping Gorham Street to provide a 5­
foot shoulder on both sides to accommodate bicyclists between the Lowell Connector and Elm
Street.
• Use “share the road” designations between Central Street and Lowell Connector where the width
does not allow a bike lane to improve driver awareness of the potential presence of bicycles in
the roadway.
Safety Issue 3:  Road Geometry
In general, the horizontal and vertical geometry of Gorham Street is relatively good.  The segment of the
Lowell Connector approaching Gorham Street is on a 2.3%+ downgrade, which can affect braking,
especially in adverse surface conditions.
The intersections within the project limits are of greater concern.
Gorham at Elm/Highland Streets
The intersection at Gorham and Elm/Highland Streets is constrained by adjacent land uses and existing
street alignments.
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Both Gorham Street approaches have only one lane in each direction resulting in long queues in both
directions. Because of these single-lane approaches, these queues are exacerbated by the left-turning
vehicles, at times leading to aggressive traffic moves like forming a second lane for thru vehicles to pass.
The Highland Street approach (eastbound) is a short (100’) two-lane approach between South Street and
Gorham Street.  There is only one eastbound departure lane.  There are no lane use designations and the
left eastbound lane is aligned facing the island across on the Elm Street approach.  The Elm Street
approach (westbound) is two lanes with no lane use designation (the left lane acts as a de facto left turn
lane).  
There is a median island on Elm Street with no
apparent function other than to accommodate a signal 
pole.  The crosswalk does not pass through it. This
signal pole has been the target of multiple vehicle hits.
At the time of the site visit, a section of fence in front 
of the Courthouse had recently been knocked down.
Enhancements Image 5: 
Median Signal and Fence at Courthouse
• Consider eliminating the Elm Street
median island, thus removing an obstacle.
• Retain the Elm Street median island, and reconfigure it to line up with the crosswalk, creating
a pedestrian refuge area.
• Establish lane use designations to better define the available travel paths and remove
ambiguous lane use.  This will minimize abrupt lane changes and subsequent sideswipes for
drivers.
Gorham and South Street
The intersection of South Street, a one-way southbound road, with
Gorham Street is at a severe skew. This geometry requires that
motorists entering the intersection from South Street look at a difficult
angle (over left shoulder) for gaps in traffic.
Enhancements
• Evaluate realignment of the South Street approach to Gorham
Street to ease the severe skew of the intersection and provide
better sightlines for South Street traffic looking to enter the
intersection.
Image 6: South Street Skew
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Lowell Connector and Gorham Street
The signalized intersection of the Lowell Connector and Gorham Street has a number of geometric
challenges.  The Lowell Connector approach is a freeway segment terminating at a signalized intersection
with a local road.  This leads to approach speeds (85th %-ile speed 35-36 mph), that are excessive given 
that all traffic on this approach execute a nearly 60 degree left turn at the intersection.  The intersection
operation is dominated by this northbound movement of the two-lane Lowell Connector approach turning 
onto a single northbound lane on Gorham Street. The net result is a merging operation for vehicles while
they are performing a turning movement through the intersection, where 5 of the 26 reported crashes
occurred along this vehicle path.
The predominant southbound movement, from the single Gorham Street southbound lane right onto the 
Lowell Connector, should be virtually unimpeded, but is at times limited by the queuing of southbound
thru traffic stopped at the signal,  creating higher potential for rear-end crashes.
The intersection with South Highland Street is immediately adjacent to the Lowell Connector intersection,
so the two intersections clearly influence each other.  The mutual proximity of these intersections is a
geometric issue that results in shared and compounded vehicle queues. The South Highland Street
intersection is further discussed in Issue 5 below.
Enhancements - Evaluate alternatives for modifying the intersection to minimize northbound turning
conflicts, improve southbound access to the Connector, improve the pedestrian experience at the
intersection, and manage heavy volumes of traffic in limited space.  Some of the alternatives include:
• Construct an exclusive right turn lane for the southbound approach to the Lowell Connector
intersection, reducing queuing and the incidence of rearend crashes during periods of congestion.
• Reconfigure Lowell Connector intersection as a roundabout to eliminate queuing and merging
during turning operations. Note that the merging would still occur but at a tangent areas of the
designer’s choosing.
• Realign the northbound Connector approach to form a right angle intersection with Gorham
Street by moving this intersection about 200’ further south. The southbound right-turning traffic
could be afforded a turning lane. This alternative allows for more crosswalk design opportunities
through the Lowell Connector intersection area.
• Realign the intersection to create a thru movement between the two high-volume legs, and align
the southern segment of Gorham Street to intersect the thru legs at a perpendicular angle.  This
will reduce queuing.
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Safety Issue 4:  Signal Equipment and Operations
Traffic Signal hardware at both signalized intersections in this project is antiquated and in need of
upgrades, including Emergency pre-emption equipment and programming.
A. Gorham Street at Highland Street and Elm Street
At the intersection of Gorham Street with
Highland Street and Elm Street, it was noted that
the near-side northbound signal is too close to
the stopline to be effective. The mastarm
should be on the far side of the intersection,
better defining roadway and lane configuration.
It was further noted that this head ambiguously
displays a green “thru” arrow rather than a
green ball, incorrectly implying that turning
movements are not permitted. The other signal Image 7: Northbound Signal Heads
head supporting this approach is a pedestal-
mounted head well left of the driver’s path, near the lateral placement limit prescribed by the Manual
on Uniform Traffic Control Devices. These signal head positions coupled with excessive queuing
(discussed below) would appear to be key contributors to the 9 rearend northbound crashes reported
for the 3-year study period.
The phasing for this signal system allows for an exclusive pedestrian phase. During busy pedestrian
periods, this reduces the proportion of “green” time allotted to the four vehicular approaches to the
intersection, causing excessive queuing on the northbound and southbound approaches.
The eastbound approach is now striped for two lanes. The City would like to provide an exclusive left
turn lane here, but cannot fund the signal hardware modifications. Visibility of the traffic signal
indications on this approach is a concern, as the Highland Street approach bends sharply at the South
Street intersection.
B. Gorham Street at Lowell Connector
The southbound approach to this intersection is serviced by three signal heads. Two of these are
“near-side” heads are much too close to the stopline to meet placement criteria.  It was noted that
one of the red lights on this approach was not operating at the time of the site visit.
There appear to be microwave detectors mounted on the signal poles, while evidence of pavement
loops was also detected.  It was suggested that loops may have been damaged during a recent road
resurfacing, so the pole-mounted detectors were installed as a stopgap while awaiting loop
replacement.
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Enhancements
• All signal equipment should be replaced at both intersections.  Specifically,
 Replace all incandescent traffic signals with L.E.D. heads
 Re-position pedestal-mounted signals at both signalized intersections on mastarms for better
visibility.
 Replace all pedestrian-related signal equipment (heads, pushbuttons, etc)
• Replace green “thru” arrow on northbound signal head at the intersection of Gorham Street with
Elm Street, reducing the ambiguous information that the current arrow indication provides.
• Re-assign Eastbound Highland Street approach to allow only one thru lane (and one left-turn
lane), as there is only one existing receiving lane on Elm Street. This will reduce eastbound
sideswipe and rearend crashes and provide better conflict recognition.
Safety Issue 5:  Intersection Operations
A. South Highland Street at Gorham Street
This “T” intersection is just north of the Lowell Connector.  This intersection can be difficult to
navigate for a number of reasons. For eastbound traffic exiting South Highland Street, there is
insufficient sight distance to the north due to a building, set at the back of the sidewalk. The
merging traffic from the south makes gaps difficult to recognize. For northbound traffic entering
South Highland Street, the likely stop required to await a sufficient southbound gap for a left turn
occurs within the merge area for northbound traffic coming from the 2-lane Lowell Connector
approach to this single northbound lane. This issue may well contribute to the high rate of rear-
end and sideswipe crashes in this area.
There is a good amount of vegetation between South
Highland Street and the Lowell Connector, affecting
sightlines for eastbound South Highland Street traffic,
although the crash data does not reflect this.
If improvements to the southbound movement to the
Lowell Connector affect the west curbline of Gorham
Street, the sightlines may well be further
compromised. It has been noted that the western
end of South Highland Street at Thorndike Street has Image 8:
a turning limitation (no left turn westbound). Lowell Connector & So. Highland Street
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B. Lowell Connector at Gorham Street
At this intersection, a four-lane freeway segment of the Lowell Connector terminates at Gorham
Street, a two-lane city street.
Heavy northbound traffic from the Connector’s two left-turning approach lanes is required to
merge to be accommodated by
Gorham Street’s single northbound
travel lane. The abrupt termination of
the freeway with its higher speeds and
heavy volumes forced to merge
through a turning movement onto a
local city street contributes
substantially to the high crash rates.
Frequent crashes involving rearend and
sideswipes have been reported, as have
vehicle impacts with signs, poles and
property walls on the east side of
Gorham Street, the “outside” of the	 	 Image 9: Property Wall Hit
curved vehicular path.
Two homes on the east side  of the roadway of Gorham Street, opposite the Lowell
Connector,(#506 and #512) have guardrails installed along the curbline. Their presence  further
supports a past history of vehicle encroachments to the sidewalk, utility poles, etc.
The pavement condition for the Lowell Connector approach lanes is poor, displaying signs of
shoving and loss of texture, presumably due to excessive braking. This could be a contributor to
the rearend crashes documented for this approach.
Enhancements
Gorham Street at Lowell Connector & South Highland Street
• Restripe the northbound lane of Gorham Street north of the Lowell Connector to better facilitate
the merge by shifting the double yellow centerline westward north of the intersection. A longer
well-defined merge zone will reduce sideswipe and rearend crashes
• Extend the guardrail segments along the curbline opposite the Lowell Connector northward, along
the turning and merging areas of the intersection to redirect errant vehicles from the sidewalk
and private retaining walls. While not an ideal application of highway guard, it reduces pedestrian
crash risk and protects the retaining walls at the back of the sidewalk
• Resurface the northbound Lowell Connector approach with a coarse-graded superpave surface
course (or alternative surface course to be determined) to improve slowing/stopping
performance. Current surface is smooth, and almost 30% of reported crashes occurred under
rain/snow/ice conditions
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• Implement positive pedestrian barriers to eliminate pedestrian encroachment on the Lowell
Connector (south of So. Highland Street and south of the Connector). This is not indicated by a
pedestrian crash history; it is recommended nonetheless.
• Consider restriction on left turns into South Highland Street.  This will reduce the occurrence of
stopped (turning) vehicles impeding northbound traffic on Gorham Street, reducing rearend
crashes.
• Consider restriction on left turns out of South Highland Street. This will reduce the risk of angle
crashes with southbound traffic due to limited sight distance (due to the existing Lounge building),
as well as with northbound traffic where gaps are difficult to perceive due to the merging traffic.
• Evaluate comprehensive changes/realignment of the intersection to address all or most of the
above stated issues.
• Clear vegetation on west side of Gorham Street, between South Highland Street and the Lowell
Connector.
Safety Issue 6:  Signing and Pavement Marking
Throughout the project area, there is a continuing theme of missing or badly worn signs and pavement
markings. Stop bars were missing at the side streets. Many signs are mounted on utility poles, and
thus aren’t necessarily in positions where they can be most effective.
On the date of the Road Safety Audit, much of the intersection pavement marking had been repainted.
The following specific deficiencies were observed:
• South Street at Highland:  Southbound stop sign
needs to move closer to the intersection.
• Auburn Street:  Stop sign missing.
• Keene Street:  Stop sign and stop line missing.
• South Highland Street/Keene Street:  Crosswalk
has no supporting signage.
• Lowell Connector: Object marker on east side has
private sign attached to it.
• Lowell Connector: The northbound No-Left-Turn
Sign is not legible.
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Enhancements
• All regulatory/warning/lane use signs (missing and existing) in the project area should be
replaced.
• Move the southbound stop sign at the South Street / Highland Street intersection closer to the
actual intersection, where it will better protect the crosswalk.
• Replace the Yield sign at the South Street approach to Gorham Street with a Stop bar and Stop
sign, due to the awkward angle and limited sight distance for viewing southbound Gorham Street
Traffic.
• Place crosswalk signs with plaques in support of the South Street crosswalk near Gorham Street.
• Place crosswalk signs with plaques in support of the Gorham Street crosswalk just south of Keene
Street.
• Replace the missing Stop signs at Keene Street and at Auburn Street.
• Consider striping and signing the left lanes of the Elm Street and Highland Street approaches to
be exclusive left turn lanes, regardless of signal phasing.
• Replace worn pavement markings throughout.
• Consider enhanced signage and pavement markings on the Lowell Connector approach to
communicate the transition (freeway to City Street) to drivers. Currently there is only a small
green-background ground-mounted sign. This might include flashing warning devices, pavement
text (i.e., “STOP AHEAD”), and different pavement textures.
• Signing should be supplemented with pavement markings (with reflectors) to forewarn of and
upcoming turning movement.  These measures can reduce northbound rearend as well as speed-
related crashes.
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Road Safety Audit – Gorham Street, Lowell, MA
Prepared by CDR Maguire Inc.
FINAL: September 16, 2016
Summary of Road Safety Audit
Following the site walk, participants returned to the meeting room to review the safety issues identified
on the walk and to recommend potential countermeasures.  Observations were reviewed and in some
cases given context by those familiar with specific aspects of the project.
The section of Gorham Street north of the Lowell Connector is burdened by very heavy peak hour traffic
volumes coming and going to the Connector that create congestion and lead to aggressive driving and a
higher crash rate. 
All potential improvements have been categorized by the following time frames: short-term,
intermediate, and long-term.
Enhancements were assigned to a cost category, as identified in Table 2 below.
Table 2: Estimated Time Frame and Costs Breakdown
Safety Payoff Time Frame Costs
Low May ReduceCrashes Short-Term <1 Year Low <$10,000
Medium Will ProbablyReduce Crashes Mid-Term 1-3 Years Medium $10,001-$50,000
High Certain toReduce Crashes Long-Term >3 Years High >$50,000
In general there are many safety related improvements that need to be made ranging from the easy to
implement such as replacing signs, realignment and supplementing pavement markings, and some signal
repairs; the medium cost improvements such replacing entire signal systems and bringing sidewalks into
ADA compliance; and the more comprehensive intersection improvements at the Lowell Connector and
Gorham Street. Recommendations for improving safety are summarized in Table 3 and are categorized
based on estimated safety payoff (estimate of the safety benefit), time frame and cost for
implementation.
It is understood that some of these recommendations conflict with one another.  Further evaluation is
required during the Functional Design Report phase to focus on the best course of action.
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Road Safety Audit – Gorham Street, Lowell, MA
Prepared by CDR Maguire Inc.
FINAL: September 16, 2016
Table 3: Potential Safety Enhancement Summary
 
I.D. Safety Issue Potential Safety Enhancement Safety Payoff Time Frame Cost Responsible Agency
South Street at Highland Street
1 Signing and Pavement Marking Move the southbound stop sign closer to the intersection. Low Short Low City of Lowell
Gorham Street at Elm Street and Highland Street
2 Signal Equipment & Operations
All signal equipment should be
replaced, with new signals
being mastarm-mounted.
Medium Medium High MassDOT
3 Signal Operations & Operations
Replace green “thru” arrow on
northbound signal head at the
intersection of Gorham Street 
with Elm Street
Medium Short Low City of Lowell
4 Signal Operations & Operations Replace all incandescent trafficsignals with L.E.D. heads Low Short Medium City of Lowell
5 Road Geometry
Reconfigure Elm Street median
island, to provide pedestrian
refuge and better protect 
signal pole. 
Medium Medium Medium MassDOT
6 Signing and Pavement Marking
Stripe and sign the left lanes of 
the Elm Street and Highland 
Street approaches to be
exclusive left turn lanes,
regardless of signal phasing.
Low Short Low City of Lowell
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Road Safety Audit – Gorham Street, Lowell, MA
Prepared by CDR Maguire Inc.
FINAL: September 16, 2016
I.D. Safety Issue Potential Safety Enhancement Safety Payoff Time Frame Cost Responsible Agency
Gorham Street at South Street
7 Signing and Pavement Marking
Replace Missing Yield Sign near 
Gorham Street intersection 
with a stop bar and stop sign.
Low Short Low City of Lowell
8 Signing and Pavement Marking
Place Crosswalk signs with
plaques at crosswalk.  Also
place no parking signs near the
west end of crosswalk.
Low Short Low City of Lowell
9 Road Geometry Realign the South Streetapproach to Gorham Street Low Medium Medium MassDOT
Gorham Street at South Highland Street
10 Pedestrian Accommodations
Provide signs to alert motorists
of the presence of a crosswalk
at Keene Street  / South 
Highland Street
Medium Short Low City of Lowell
11 Intersection Operations
Consider prohibiting
eastbound left turns from
South Highland Street
High Short Low City of Lowell
12 Intersection Operations
Clear vegetation on west side
of Gorham Street, between 
South Highland Street and the
Lowell Connector.
Low Short Low MassDOT
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Road Safety Audit – Gorham Street, Lowell, MA
Prepared by CDR Maguire Inc.
FINAL: September 16, 2016
I.D. Safety Issue Potential Safety Enhancement Safety Payoff Time Frame Cost Responsible Agency
Gorham Street at Lowell Connector
Comprehensive Intersection Improvement Alternatives
13 Road Geometry
Construct an exclusive right 
turn lane for the southbound 
approach to the Lowell
Connector intersection
Medium Medium High MassDOT
14 Road Geometry Reconfigure Lowell Connectorintersection as a roundabout. High Long High MassDOT
15 Road Geometry
Reconfigure Lowell Connector
intersection to establish north 
and west legs as “thru”
movement.
High Long High MassDOT
16 Road Geometry Re-align Lowell Connectorintersection to eliminate skew. Medium Long High MassDOT
Improvements to Individual Elements in the Intersection
17 Signal Operations & Operations
All signal equipment should be
replaced, with new signals
being mastarm-mounted.
Medium Medium High MassDOT
18 Signal Operations & Operations Replace all incandescent trafficsignals with L.E.D. heads Low Short Medium MassDOT
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Road Safety Audit – Gorham Street, Lowell, MA
Prepared by CDR Maguire Inc.
FINAL: September 16, 2016
I.D. Safety Issue Potential Safety Enhancement Safety Payoff Time Frame Cost Responsible Agency
19 Intersection Operations
Restripe the northbound lane
of Gorham Street north of the
Lowell Connector to better
facilitate the merge.
Medium Short Low MassDOT
20 Intersection Operations
Extend the guardrail segments
along the curbline opposite the
Lowell Connector northward
Low Short Low MassDOT
21 Intersection Operations Resurface the northbound Lowell Connector approach Medium Medium Medium MassDOT
22 Intersection Operations
Improve signing on the Lowell 
Connector approach to
establish more positive driver 
expectancy for the signalized
intersection
Medium Medium Low MassDOT
23 Intersection Operations
Implement positive pedestrian
barriers to eliminate
pedestrian encroachment on 
the Lowell Connector
Low Medium Low MassDOT
Project-wide
24 Pedestrian Accommodations Reconstruct all sidewalks toADA requirements Low Medium High MassDOT
25 Bicycle Accommodations
Restripe Gorham Street to
provide a 5-foot shoulder on 
both sides
Medium Short Low City of Lowell
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Road Safety Audit – Gorham Street, Lowell, MA
Prepared by CDR Maguire Inc.
FINAL: September 16, 2016
I.D. Safety Issue Potential Safety Enhancement Safety Payoff Time Frame Cost Responsible Agency
26 Bicycle Accommodations
Use “share the road” between
Central Street and Lowell 
Connector
Low Short Low City of Lowell
27 Signing and Pavement Marking All signs in the project areashould be replaced. Medium Medium Low MassDOT
28 Signing and Pavement Marking
Replace the missing Stop signs 
at Keene Street and at Auburn 
Street.
Low Short Low City of Lowell
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Agenda
Road Safety Audit
Gorham Street from Lowell Connector to Elm Street
Meeting Location: E. N. Rogers School, Room 116
 
43 Highland Avenue, Lowell MA (northwest end of project area)
 
June 28th, 2016
 
10:00 AM – 12:00 noon
 
Type of meeting: High Crash Location – Road Safety Audit
Attendees: Invited Participants to Comprise a Multidisciplinary Team
Please bring: Safety Gear, Vest, as agency may require.
10:00 - 10:10 AM Welcome and Introductions
10:10 - 10:30 AM Review of Site Specific Material
•	 Project History
•	 Crash, Speed & Volume Summaries– provided in advance
• Existing Geometries and Conditions
10:30 - 11:30 AM Visit the Site
•	 A Short Walk to Gorham Street
• As a group, identify areas for improvement
11:30 AM - Noon Post Visit Discussion / Completion of RSA
• Discuss observations and finalize findings
•	 Discuss potential improvements and finalize recommendations
12:00 Noon Adjourn for the Day – but the RSA has not ended
INSTRUCTIONS FOR PARTICIPANTS:
•	 Before the June 28 Meeting
Participants are encouraged to drive through these two intersections and complete/consider
elements on the RSA Prompt List with a focus on safety.
•	 At the June 28 Meeting
All participants will be actively involved in the process throughout.  Participants are
encouraged to come with thoughts and ideas, but are reminded that the synergy that
develops and respect for others’ opinions are key elements to the success of the overall RSA
process.
•	 After the June 28 Meeting
 
Participants will be asked to comment and respond to the document materials
 
  
 
  
 
  
Appendix B. RSA Audit Team Contact List
 
  
   
      
 
 
    
     
      
      
     
    
    
      
    
     
     
     
        
       
      
     
  
Participating Audit Team Members
Date: June 28,2016 Location: Gorham Street, Lowell, Massachusetts
Audit Team
Members Agency/Affiliation Email Address Phone Number
Carrie Lavallee MassDOT Project Manager Carrie.Lavallee@state.ma.us (857) 368-9343
John Gregg MassDOT District TrafficEngineer John.Gregg@state.ma.us (978) 641-8485
Tim Roberts MassDOT District TrafficEngineer Timothy.Roberts@state.ma.us
Lisa Schletzbaum MassDOT SafetyManagement Unit Lisa.Schletzbaum@state.ma.us (857) 368-9634
Adam Prichard MassDOT Adam.Prichard@state.ma.us
Brendan Mullan MassDOT Brendan.Mullan@state.ma.us
Lisa DeMeo Lowell City Engineer (DPW) ldemeo@lowellma.gov (978) 674-4070
Mark Buckley Lowell Police Department mbuckley@lowellma.gov (978) 937-3200
Phillip Charron Lowell Fire Department pcharron@lowellma.gov (978) 459-5554
Nicolás H. Bosonetto Lowell TransportationEngineer (Planning Dept.) nbosonetto@lowellma.gov (978) 674-1417
Sidney Liang Lowell Bicycle &Pedestrian Coordinator SLiang@lowellma.gov (978) 746-1420
Tim Connors Mass State Police - StationA-1, Andover Msp0800@pol.state.ma.us (978) 475-3800
Justin Howard Northern Middlesex COG jhoward@nmcog.org (978) 454-8021ext. 121
David Freeman Project ManagerCDR Maguire David.Freeman@cdrmaguire.com (401) 437-5613
Jim Coogan Traffic EngineerCDR Maguire james.coogan@cdrmaguire.com (401) 437-5609
  
 
  
  
Appendix C. Detailed Crash Data
 

















  
 
  
  
 
   
 
    
 
 
  
   
    
Appendix D. Selected Traffic Counts
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TURNING MOVEMENT COUNTS ......................................................................T-1
 
VOLUMES / CLASSIFICATIONS/ SPEED STUDIES .............................................T-9
 
Gorham Street South of Lowell Connector
 
Gorham Street North of Lowell Connector

Lowell Connector Northbound West of Gorham Street

Lowell Connector Southbound West of Gorham Street

























  
  
 
 
  
 
 
 
  
  
   
 
 
  
 
     
    
    
 
Appendix E. Other Information
 
The following pages present design concepts
for the site that were developed during
earlier studies.
Some of these are discussed within this Road
Safety Audit report, and will be developed in 
more detail during this project’s Functional
Design Report stage.
Elements of the earlier studies pertaining to
Lowell Connector southbound may be
modified to reflect a prospective reduction of
that segment to one lane, in concert with 
another project on Thorndike Street.







